Background. In studies from developed Western countries, lower socioeconomic status (SES) has been reported to be associated with kidney diseases. However, this hypothesis has not been examined in populations from newly industrialized Asian countries. We evaluated the association between SES and micro/macroalbuminuria in a populationbased sample in Singapore. Methods. We examined 920 participants of Malay ethnicity aged 40-80 years (49.6% female). SES was defined through education, income and housing type of participants. The main outcome of interest was the presence of micro/macroalbuminuria defined as a urinary albumin-tocreatinine ratio (ACR) ≥17 mg/g for men and ≥25 mg/g for women.
Introduction
Microalbuminuria is a marker of chronic kidney damage and a risk factor for the progression of kidney and cardiovascular diseases [1, 2] . Studies have shown that microalbuminuria is predictive of diabetic nephropathy [3] , hypertensive renal disease [4] , and renal dysfunction in non-diabetic subjects [5] and in the general population [6] .
In addition to established risk factors such as diabetes mellitus and hypertension [7] , socioeconomic status (SES) is increasingly recognized as an important predictor for kidney disease, largely based on studies conducted among Western populations [8] [9] [10] . However, the association of SES with microalbuminuria has not been fully examined in other racial/ethnic groups and other countries, such as in Asian populations, where diabetes mellitus and hypertension are highly prevalent, but socioeconomic conditions are vastly different [11, 12] . In this context, we examined the association between SES and micro/macroalbuminuria, a marker of kidney disease, in a population-based study in Singapore.
Methods
The present analysis was based on data from the Singapore Malay Eye Study (SiMES), a population-based, crosssectional study of Malay adults mainly aimed to collect information related to major eye conditions and the public health impact of the common age-related eye diseases affecting urban Malay people living in Asia. Detailed descriptions of the study population and methodology have been previously published [13] . In brief, an age-stratified random sample of the Malay population aged 40-80 years was drawn from the computer-generated random list of 16 069 Malay names provided by the Ministry of Home Affairs. Of the 5600 individuals selected, 4186 were found to be eligible to participate in the study. A total of 3280 individuals participated in the study (response rate = 78.7%) [13] of whom 944 provided urine samples for measuring albumin and creatinine. After excluding participants with missing data on SES and selected other factors, the final sample for 124 C. Sabanayagam et al. analysis included 920 participants. Compared with those included in the final analysis, excluded participants were older, lesser educated, earning less and living in smaller houses (P < 0.05).
Outcome of interest
Spot untimed urine samples were collected for measurement of albumin and creatinine. Albumin was measured in mg/L and creatinine in mmol/L. The ratio of urine albuminto-creatinine (ACR) concentration expressed in µg/mg was used to estimate total daily albumin excretion. Microalbuminuria was defined as a urinary ACR of 17-250 mg/g for men and 25-355 mg/g for women, and macroalbuminuria was defined as urinary ACR >250 mg/g for men and >355 mg/g for women based on the National Kidney Foundation's Kidney Disease Outcome Quality Initiative working group definition [7] . The main outcome of interest in the current study was the presence of micro/macroalbuminuria, defined as urine ACR levels >17 mg/g for men and >25 mg/g for women.
Measurement of exposure variables
Age was defined as the age at the time of examination and categorized into ranges of 40-44, 45-49, 50-54, 54-59, 60-64, 64-69, 70-74 and 75-81 years. Information on education, income, housing, life style factors and medical history was ascertained through questionnaire. Educational level was grouped into three categories based on the highest educational level attained by the participants: (1) primary (elementary) or lower (≤6 years), (2) secondary (high school) (7-10 years) and (3) post-secondary (≥11 years, including university education). Income level was defined as individual monthly income in Singapore dollars (SGD) and divided into three categories: (1) low (<SGD1000), (2) middle (SGD1000 to <2000) and (3) high (≥SGD2000). Housing type was classified as follows: (1) small (1-to 2-room public flat), (2) medium (3-to 4-room public flat) and (3) large (5-room public flat or private housing). Finally, to test for the potential additive effects of the SES factors, participants were grouped into categories based on the coexistence of lower categories of the three SES factors (primary/below education, income <1000 SGD/retired and housing type small/medium) into (1) having all three low SES factors, (2) having a combination of any two of the three low SES factors and (3) having ≤1 low SES factor. Smoking status was categorized into never smoker, former smoker and current smoker. Alcohol consumption was categorized into drinkers, if the participants ever consumed alcohol (irrespective of quantity), and non-drinkers. Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in metres (kg/m 2 ). Blood pressure (BP) was measured with a digital automatic blood pressure monitor after the participants were seated for at least 5 min. Hypertension was defined as systolic BP ≥140 mmHg or diastolic BP ≥90 mmHg or self-reported previously diagnosed hypertension. We calculated the mean arterial BP as 1/3 (systolic BP) + 2/3 (diastolic BP). Glycosylated haemoglobin (HbA1C) and casual blood glucose were measured from a venous sample collected from the participants. Diabetes mellitus was defined as a casual plasma glucose ≥200 mg/ dL (11.1 mmol/L) or self-reported physician-diagnosed diabetes or use of glucose-lowering medication.
Statistical analysis
We combined micro-and macroalbuminuria categories as the prevalence of macroalbuminuria was low (4.9%) in the study population. The prevalence of micro/macroalbuminuria was calculated stratified by SES and selected factors. Tests for linear trend across categories of education, income and housing were performed using the corresponding SES indicator as an ordinal variable in logistic regression models. We examined the association between each measure of SES and micro/macroalbuminuria in two multivariable models. In the first model, we adjusted for age (years), gender (female, male), smoking status (never, former, current), alcohol intake (no, yes) and BMI (kg/m 2 ). In the second model, we additionally adjusted for diabetes mellitus (no, yes), hypertension (no, yes), HbA1C (%) and mean arterial BP (mm Hg). For these analyses, SES indicators were included as dichotomous variables using the highest SES category, namely, secondary and above education, income ≥SGD1000 and large/private housing as reference categories. We also tested the association of micro/macroalbuminuria with the coexistence of low SES factors using ≤1 low SES factor as the reference category. To explore the consistency of the observed association between SES and micro/macroalbuminuria, we performed stratified analyses by age group and gender. All statistical analyses were performed using SAS version 9.1.
Results
The mean age of the study participants was 56.2 years with 49.6% being women. Older individuals were less likely to have secondary/higher education, to earn higher income and to live in large/private housing. A majority of the men (75.4%) were either current or past smokers. 67.4% of the participants had hypertension (mean age, 60 years; 36.3% women) and 20% had diabetes mellitus (mean age, 58.9 years; 10.5% women). Those with diabetes had significantly higher BMI (27.1 kg/m 2 ) compared to non-diabetics (26.0 kg/m 2 ) P = 0.005. Further, we also assessed retinopathy changes among the study participants as the present study included eye changes. The prevalence and severity of retinopathy were defined according to modified Airlie House Classification [14] . The prevalence of retinopathy among those with diabetes was 35.3% (moderate to severe, 16.5%) and among those with hypertension was 15.7% (moderate to severe, 5.2%). Among the study participants, 12% reported having previous history of myocardial infarction or angina or stroke. Table 1 presents the prevalence of micro/macroalbuminuria by SES and selected factors. The prevalence of micro/macroalbuminuria was 36.9% in the whole cohort. The prevalence increased with increasing categories of age (P-trend <0.0001). In contrast, the prevalence decreased with increasing categories of education and income (1) small-size public apartments (1-2 rooms), (2) medium-size public apartments (3-4 rooms) and (3) large-size public apartments (>4 rooms).
(P-trend <0.05). Among the three housing types we examined, the majority (70%) of the study population lived in medium housing (3-to 4-room public apartments). The prevalence of micro/macroalbuminuria was highest among those living in smaller houses and lowest among those living in larger/private apartments (P < 0.05). Over half (56%) of the study population was overweight/obese with BMI ≥25 kg/m 2 . Overweight/obesity was significantly associated with micro/macroalbuminuria (P < 0.05). No significant difference was detected in the prevalence of micro/macroalbuminuria by gender or smoking status. Table 2 presents the odds ratios of micro/macroalbuminuria by SES categories. In multivariate analyses adjusted for age, gender, smoking status, alcohol intake and BMI primary/below education, income <1000 SGD/retired status and small/medium housing type were found to be positively associated with micro/macroalbuminuria. In this sample of Malay adults, 22.0% had ≤1 low SES factor, 31.0% had two low SES factors and 42.8% had all the three low SES factors studied. The prevalence of micro/macroalbuminuria increased stepwise with the increase in the number of SES factors (P-trend <0.0005) and the coexistence of all three low SES factors showed a significant positive association with micro/macroalbuminuria compared to ≤1 low SES factor. In the multivariable model 2, where we additionally adjusted for diabetes, hypertension, HbA1C and mean arterial BP, the overall positive association between SES and micro/macroalbuminuria persisted; however, the ORs were attenuated for most associations.
In subgroup analysis stratified by gender (Table 3) , and by age group (Table 4) , the inverse association between education, income, housing type and low SES factors was also consistently present within these subgroups, and multivariable OR estimates ranged from 1.17 to 3.08 within gender and 1.09 to 2.49 within age subgroups for model 1 and ranged from 1.06 to 2.05 within gender and 1.20 to 2.67 within age subgroups for model 2.
In another supplementary analysis, we evaluated the association of SES with diabetes mellitus and hypertension, potential mediating factors of kidney disease. The prevalence of both diabetes mellitus and hypertension was higher among those with primary/below education, income <1000 SGD/retired and living in small/medium housing type compared to those with secondary and above education, income ≥SGD1000 and large/private housing. Compared to those with ≤1 low SES factor, the multivariable OR (95% CI) among those with all three low SES factors was 2.96 (1.75-5.02) for diabetes mellitus and 1.71 (1.13-2.58) for hypertension.
Discussion
In a population-based study of Asian Malay adults, lower SES, as measured by education, income and housing type, was associated with micro/macroalbuminuria, independent of age, gender, smoking, alcohol intake and BMI. This inverse association between SES and micro/ macroalbuminuria persisted in subgroup analyses by gender and age group. Further, the coexistence of the lower categories of all three SES factors, namely primary/below small-size public apartments (1-2 rooms), medium-size public apartments (3-4 rooms) and large-size public apartments (>4 rooms). e Low SES factors-primary/below education, income <SGD1000/retired and small/medium housing.
education, income <1000 SGD/retired status and living in small/medium housing type was significantly associated with micro/macroalbuminuria compared to those with ≤1 low SES factor. These findings suggest that SES may be a risk marker and mediate processes associated with the development of kidney disease. The urinary ACR ratio is a sensitive indicator of glomerular disease [7] . Micro/macroalbuminuria, an established and the most frequently studied marker of kidney damage in clinical [2] and epidemiological studies [15] , has been identified as a risk factor for renal [6] and cardiovascular morbidity and mortality [2] . Microalbuminuria is predictive of poor renal function in diabetic subjects [3] , non-diabetic subjects [5] , hypertensives [4] and in the general population [6] . Persistent micro/macroalbuminuria (two of three measurements greater than the reference range) with glomerular filtration rate (GFR) ≥60 mL/min/1.73 m 2 represents stages 1 and 2 of chronic kidney disease [7] . In NHANES III, the overall prevalence of micro/macroalbuminuria in adults aged 20 and above was 11.7% based on a single spot urine test [7, 15] . The higher prevalence of micro/ macroalbuminuria (36.9%) observed in our study population could be attributed to the older age and the increased prevalence of diabetes and hypertension of the study population. In the current study, smoking and gender were not found to be associated with micro/macroalbuminuria. It is possible that smokers in our study may have changed their life style after being diagnosed with diabetes or hypertension. Also, our assessment of smoking status was rather crude and the lack of information on duration and packyears of smoking may have introduced a bias reducing our ability to detect a true association. The exact reason why we did not observe an association between gender and micro/macroalbuminuria in our study is not clear. While several studies have reported a positive association between micro/macroalbuminuria and male gender [10, 16] , some studies have reported no association [17] . It is also possible that any putative association between male gender and micro/macroalbuminuria is not as pronounced among Asians compared to Western populations, due to differences in built and body surface area [18] [19] [20] . We believe that future studies with larger sample sizes and longer follow-up data are required before concluding on the nature of the association between gender and micro/macroalbuminuria.
Our finding of an inverse association between SES and micro/macroalbuminuria is in accordance with previous cross-sectional [10] , and longitudinal studies [8, 9] in Western populations that evaluated the association between SES and kidney damage. In our analyses, the pattern of association observed was very similar for all three measures of SES assessed. Education, the most widely used measure of SES in epidemiological studies, imparts health-related knowledge, promotes positive health behaviours and reflects access to resources during the early part of a person's life [21] . Income, an indicator of material resources, provides access to high-quality education, better housing and access to preventive healthcare services [22] . Housing reflects economic and social status of an individual and his or her family and operates through other SES indicators such as income, education and occupation [23] .
Several studies have reported an inverse association between SES and various markers of kidney disease including elevated serum creatinine [8] , decreased GFR [9] and albuminuria [10] similar to our findings. In the biracial Atherosclerosis Risk in Communities Study (ARIC) involving men and women aged 45-64 years, Merkin et al. [8] reported a greater risk of chronic kidney disease among white men living in low SES areas, the association was not significant among white women and African American men and women. In the Cardiovascular Health Study, residing in a low SES area was associated with kidney disease in an elderly US population [24] . Shoham et al. [9] reported that individual working class and life-course SES were associated with kidney disease. In the Third National Health and Nutrition Examination Survey (NHANES), Martin et al. [10] reported a positive association between poverty and kidney disease. Similar associations of lower SES with endstage renal disease [25] and cardiovascular diseases [26] have been reported by several studies conducted in the USA and other developed countries. As micro/macroalbuminuria is an independent predictor of coronary artery disease and mortality [27] , a corollary observation to our findings is that the reported inverse association between SES and increased risk of all-cause and coronary disease mortality [26] may be partially mediated through kidney damage.
Several mechanisms have been postulated to explain the relation between SES and micro/macroalbuminuria. It is plausible that SES may affect kidney function through more proximal risk factors of kidney disease such as diabetes mellitus and hypertension. In our study, the higher prevalence of diabetes mellitus and hypertension among low SES participants and the attenuation of the association between SES and micro/macroalbuminuria in multivariable model 2 that additionally adjusted for diabetes, hypertension, HbA1C and mean arterial BP suggest that at least part of the observed association between SES and micro/macroalbuminuria is mediated through hypertension and diabetes mellitus. Several studies from developed Western countries have reported similar inverse associations between SES and hypertension, and diabetes mellitus [26] . Other possible explanations for the observed inverse association between SES and micro/macroalbuminuria include the limited access of low SES subjects to healthcare services [25] , increased occupational exposure to nephrotoxins such as heavy metals, solvents, etc. among occupations representing low SES status [28] . Low birth weight, which is a frequent finding associated with low SES [29] , has been shown to be associated with the development of kidney disease in later life [7] .
The main strengths of our study include its populationbased sample, inclusion of ethnically homogeneous Malay population thus eliminating confounding by race ethnicity and the use of individual measures of SES factors. Our findings are also applicable to other ethnic Malay population in urban areas of Southeast Asia. Finally, we believe that this is the first study from a newly industrialized Asian country on the association between SES and kidney disease. Limitations of our study include possible bias resulting from exclusion of some eligible participants from the present analysis due to missing data on the urinary ACR. If our results are true, such a bias would result in underestimation of the true association, since those who were excluded from the analysis belonged to the lower SES categories compared to those who were included in the analysis. Secondly, the use of casual plasma glucose instead of fasting plasma glucose could have resulted in misclassification of diabetes status. Thirdly, we did not have information on medication use such as angiotensin-converting enzyme (ACE) inhibitors, or angiotensin II receptor blockers (ARB) that might have reversed or regressed the albuminuria status [30] . Finally, the cross-sectional nature of the study limits making causal inferences as regards the association between SES and micro/macroalbuminuria.
In conclusion, results from this population-based sample of Asian Malay adults in Singapore suggest that lower SES defined by education, income and housing type was inversely associated with micro/macroalbuminuria, independent of age, gender, smoking, alcohol intake and BMI. Our findings provide further evidence of the importance of SES factors as risk markers of chronic diseases, and may have important public health implications in targeting the low SES group in screening and prevention programmes for chronic kidney disease and its risk factors such as diabetes mellitus and hypertension.
